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Single crystals of EuPtSi3, which crystallize in the BaNiSn3-type crystal structure, have been
grown by high temperature solution growth method using molten Sn as the solvent. EuPtSi3
which lacks the inversion symmetry and has only one Eu site in the unit cell is found to be an
antiferromagnet with two successive magnetic transitions at TN1 = 17 K and TN2 = 16 K, as inferred
from magnetic susceptibility, heat capacity and 151Eu Mo¨ssbauer measurements. The isothermal
magnetization data for H ‖ [001] reveal a metamagnetic transition at a critical field Hc = 1 T.
The magnetization saturates to a moment value of 6.43 µB/Eu above 5.9 T ( 9.2 T) for H ‖ [001]
( [100]), indicating that these fields are spin-flip fields for the divalent Eu moments along the two
axes. The origin of this anisotropic behaviour is discussed. A magnetic (H, T) phase diagram
has been constructed from the temperature dependence of isothermal magnetization data. The
reduced jump in the heat capacity at TN1 indicates a transition to an incommensurate, amplitude
modulated antiferromagnetic structure. The shape of the hyperfine field split Mo¨ssbauer spectrum
at TN1 provides additional support for the proposed nature of this magnetic transition.
PACS numbers: 71.20.Dg, 75.30.Fv, 75.10.Dg, 75.50.Ee, 71.20.Lp, 76.80.+y
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I. INTRODUCTION
The discovery of superconductivity in the doped-
AFe2As2 (A = Ba, Ca, Sr and Eu) spin density wave
compounds has generated a great deal of activity in
search of new compounds, particularly with Ba, Ca,
Sr and Eu which exhibit interesting magnetic and su-
perconducting properties1–4. Very recently, Bauer et al
have reported superconductivity at 2.25 K in BaPtSi3
which crystallizes in the tetragonal BaNiSn3-type non-
centrosymmetric crystal structure with the space group
I4mm5. Compounds possessing a non-centrosymmetric
crystal structure have been studied quite extensively af-
ter the discovery of superconductivity in CePt3Si (Tc =
0.75 K)6. Several other Ce compounds with the general
formula CeTSi3, where T is a transition metal (Rh, Ir
and Co) crystallizing in the BaNiSn3-type crystal struc-
ture were later found to exhibit superconductivity un-
der pressure7–10. The anisotropic magnetic properties of
CePtSi3 were studied by Kawai et al and they observed
that the Ce moments order antiferromagnetically with
two successive transitions at 4.8 K and 2.4 K respec-
tively11. In this work, we report on the crystal growth,
electrical and magnetic properties of EuPtSi3 which also
crystallizes in the BaNiSn3 type crystal structure. In-
terest in the Eu compounds stems from their unusual
magnetic properties like valence fluctuation or magnetic
ordering due to the strong Coloumb interaction between
the 4f and conduction electrons. Eu compounds are also
appealing as the charged state and the magnetic interac-
tions of the Eu ions can be probed by the technique of
151Eu Mo¨ssbauer spectroscopy, supplementing the infor-
mation derived from the usual bulk techniques like mag-
netization, resistivity and heat capacity. We find that
the magnetic properties of EuPtSi3 show an unexpected
anisotropy (Eu2+ is an S-state ion, with L = 0), whose
origin is discussed. The specific heat and Mo¨ssbauer data
suggest that two magnetic transitions take place at TN1 =
17 K and TN2 = 16 K. The transition at 17 K is a param-
agnetic incommensurate magnetic transition followed by
a lock-in transition to a single moment, commensurate
phase at 16 K; a phenomenon which is encountered in
other Eu2+ or Gd3+ compounds.
II. EXPERIMENTAL
The single crystals of EuPtSi3 were grown by the high
temperature solution growth using the fourth element,
Sn as the solvent as reported by Kawai et al11 for the
crystal growth of CePtSi3. We took the charge of high
purity individual metals Eu, Pt, Si and Sn in the ratio
1:1:3:19. The metals were placed in a recrystallized alu-
mina crucible and sealed in a quartz ampoule with a par-
tial pressure of argon gas. The sealed crucible was then
slowly heated to 1050 ◦C and kept at this temperature
for one day to achieve proper homogenization. Then the
temperature of the furnace was cooled down to 500 ◦C
over a period of 3 weeks. The grown crystals were ex-
2tracted out of the Sn solvent by means of centrifuging.
Several platelet like single crystals with typical dimension
4 ×3 × 0.6 mm3 were obtained. The [001] axis is perpen-
dicular to the plane of crystals. Our attempts to make
CaPtSi3 by this method were unsuccessful and resulted in
the formation of good single crystals of Ca2Pt3Si5 which
has recently been reported by Takeuchi et al12. A poly-
crystalline sample of LaPtSi3, as reference, non-magnetic
analogue of the Eu compound, was prepared by the usual
method of arc melting in an inert atmosphere of argon
and annealed at 900 ◦C for two weeks.
The dc magnetic susceptibility and the in-field mag-
netization measurements were performed in the temper-
ature range 1.8-300 K using a Quantum Design super-
conducting quantum interference device (SQUID) mag-
netometer and Oxford vibrating sample magnetometer
(VSM). The temperature dependence of electrical resis-
tivity in the range 1.8-300 K was measured using a home
made dc electrical resistivity set up. The heat capacity
and magnetoresistance measurements were performed us-
ing a Quantum Design physical properties measurement
system. 151Eu Mo¨ssbauer spectra were recorded at vari-
ous temperatures using a conventional acceleration spec-
trometer with a 151SmF3 source. Laue diffraction spots
were recorded on a Huber Laue diffractometer, while
powder diffraction pattern was recorded using Phillips
Pan-Analyitcal set-up. Electron probe micro-analysis
(EPMA) measurements were performed on a CAMECA
SX100 electron microprobe.
III. RESULTS AND DISCUSSION
In order to study the magnetic properties along the
principal crystallographic directions, the single crystal
of EuPtSi3 was subjected to Laue diffraction; the good
quality of the single crystals with four fold symmetry was
confirmed by Laue diffraction spots. The flat plane of the
crystal corresponded to the (001) plane. The crystal was
then cut along the principal crystallographic directions
by means of spark erosion cutting machine. Since the
single crystal was grown using Sn as flux, a few pieces
of the single crystals were crushed into powder form and
subjected to powder x-ray diffraction to check the phase
purity of the sample. From the Rietveld analysis, it is
confirmed that the sample possesses tetragonal crystal
structure with the space group I4mm. The estimated
lattice constants are a = 4.2660 A˚ and c = 9.8768 A˚ with
the unit cell volume 179.74 A˚3. Weak intensity peaks cor-
responding to free Sn were also detected in the powder
spectra even after the surface of the crystal was thor-
oughly scrapped to remove any superficial Sn on the sur-
face. EuPtSi3 has a layered structure and a thin layer
of free Sn may get incorporated between the layers dur-
ing the process of crystal growth. The powder X-ray
diffraction pattern of polycrystalline LaPtSi3 was simi-
lar to that of EuPtSi3 showing thereby that the two are
iso-structural. The lattice parameters obtained from the
Rietveld analysis are a = 4.3467 A˚ and c = 9.6335 A˚ with
the unit cell volume 182.01 A˚3. EPMA of the single crys-
tals averaged over 10 different spots revealed the follow-
ing composition : Eu21.13Pt20.50Si58.29 : Sn0.08 which is
very close to 1:1:3 stoichiometry. The trace amount of
Sn present in the single crystals is unavoidable.
The temperature dependence of the electrical resistiv-
ity of EuPtSi3 for current parallel to [100] direction is
shown in Fig. 1. The magnitude of electrical resistiv-
ity is typical of intermetallic compounds and its decrease
with decreasing temperature indicates a metallic state.
At 17 K the resistivity shows a change of slope (shown on
an enlarged scale in the inset of Fig. 1) due to reduction in
spin disorder scattering arising from magnetic ordering of
the Eu moments . The resistivity shows only one transi-
tion; however a second magnetic transition is clearly seen
in the magnetic susceptibility and the heat capacity data
as described in the following. Near T = 3.7 K which is
close to the superconducting transition temperature of
Sn, the resistivity shows a drop which does not however
attain a zero value. This indicates the presence of some
minor filamentary Sn incorporated in the crystal during
growth process.
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FIG. 1: (Color online) Temperature dependence of electrical
resistivity for J ‖ [100] in the temperature range from 1.8
to 300 K. The inset shows the low temperature part and the
arrow indicates the magnetic ordering.
The temperature dependence of magnetic susceptibil-
ity from 1.8 to 300 K is shown in Fig. 2 with the applied
magnetic field H parallel to [100] and [001] directions, re-
spectively. The low temperature magnetic susceptibility
data clearly show two magnetic transitions at TN = 17 K
and 16 K. The inverse magnetic susceptibility of EuPtSi3
is shown in Fig. 2(b) and the high temperature data
were fitted to the Curie-Weiss law, χ = C/(T − θp).
For H ‖ [100], the effective moment µeff is 7.62 µB/Eu
and the paramagnetic Curie temperature θp = 4.7 K; for
H ‖ [001], µeff = 7.56 µB/Eu and θp = 11.7 K. The
effective moments are lower than the free ion value for
Eu2+ (µeff = 7.94 µB), yielding a magnetic signal which
is 8% lower than expected. Since we find the same sig-
3nal deficit in the magnetization data, to be described
below, we think it may be ascribed either to the pres-
ence of traces of an extra phase (Sn flux), resulting in a
small over estimation of the actual amount of EuPtSi3
present in the sample, or to a slight off-stoichiometry
of Eu. Evidence for the presence of Sn in the crys-
tals, evoked above, favours the first possibility. Since the
magnetization data described below show that the mag-
netic structure is antiferromagnetic, the positive values
of the paramagnetic Curie-Weiss temperature along both
directions are a priori surprising; they are tentatively at-
tributed to exchange anisotropy, as discussed below.
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FIG. 2: (Color online)(a) Temperature dependence of mag-
netic susceptibility along the two principal directions in the
temperature range from 1.8 to 300 K measured in an applied
field of 0.1 T. The inset in (a) shows the low temperature
part of the magnetic susceptibility clearly indicating the two
antiferromagnetic ordering in EuPtSi3. (b) Inverse magnetic
susceptibility of EuPtSi3, the solid lines indicate the fit to
Curie-Weiss law.
To further elucidate the nature of magnetic ordering,
we have performed isothermal magnetization versus field
scans at T = 2 K in a vibrating sample magnetometer
up to a field of 12 T as shown in Fig. 3. At low field,
the magnetizations along the two principal directions in-
crease linearly with the field, with similar slopes. For
H ‖ [001], there is an abrupt increase of the magneti-
zation at 1 T followed by a faster linear increase up to
5.9 T; above 5.9 T, the magnetization is saturated with
a value 6.43 µB/Eu. For H ‖ [100], the magnetization
shows a linear increase with field and saturates to the
same value at a higher field of 9.2 T. The apparent sat-
uration moment is lower than the Eu2+ free ion value
(7 µB/Eu) by 8%, which, as discussed above, leads us to
think that there is a small amount of Sn flux in the sam-
ple. The overall behaviour of the magnetization versus
field indicates an antiferromagnetic (AF) structure. In a
first analysis, the metamagnetic transition at Hc = 1 T
for H ‖ [001] and the smaller value for the saturation
field along [001] are characteristic of a two-sublattice AF
structure, with moments in zero field along [001] and with
a small crystalline anisotropy along this axis13. Then, the
field Hc is the spin-flop field for which the moments along
[001] reorient perpendicular to the field, and the critical
fields of 5.9 and 9.2 T are the spin-flip fields (Hs) for full
alignment with the applied field in each direction. The
spin-flip field Hs along [100] is larger because [100] is a
hard magnetic axis. However, the fact that the magneti-
zation along [001] is not zero below Hc and the presence
of a slight metamagnetic transition along [100] at 1.5 T
show that the magnetic structure is more complex than
described above, and in particular that the Eu2+ mo-
ments (in zero field) are not exactly aligned along [001].
Anisotropy in the spin flip fields has been observed in
some Gd compounds14, in EuAs3
15 and in EuPdSb16. It
arises in principle from the crystal field13, although typi-
cally Eu2+ and Gd3+ ions, which have L = 0, show very
small magneto-crystalline anisotropy. Another source of
anisotropy could be two-ion exchange, although the sim-
ple model of an anisotropic molecular field tensor devel-
oped in Ref.16 for a two-sublattice AF structure predicts
that the spin-flip fields should be the same for both direc-
tions. So we tentatively attribute the observed behaviour
mainly to an anomalously large crystalline anisotropy of
Eu2+ in EuPtSi3. More quantitatively, the two-sublattice
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FIG. 3: (Color online) Isothermal magnetization measure-
ment of EuPtSi3 along the two principal crystallographic di-
rections. The metamagnetic transitions are indicated by the
arrows.
model of Ref.13 involves the exchange field He and the
4anistropy field HA = K/m0, where K is the crystalline
anisotropy energy and m0 the saturated Eu
2+ moment.
Along the easy axis [001], the spin-flop field is Hc =
2
√
HA(He −HA) and the spin-flip field 2(He−HA), and
along [100] the spin flip field is 2(He + HA). Applying
the model to EuPtSi3, the values of the critical fields
along [001] can be reproduced with He = 3.0 T and HA
= 0.085 T, which are reasonable values, but then the
critical field along [100] is 6.25 T, too small with re-
spect to experiment (9.2 T). So this simple model also
fails to reproduce in detail the magnetization behaviour,
which is probably due to a magnetic structure more com-
plex than two AF sublattices with moments aligned along
[001]. Nevertheless, a hint to the presence of exchange
anisotropy is given by the different values of the param-
agnetic Curie temperature along the two axes. Indeed, in
terms of the exchange integrals with nearest neighbours
J1i and with second neighbours J2i along direction i, one
has, on the one hand17:
kBθpi =
2S(S + 1)
3
(J1i + J2i) . (1)
The anisotropy of θp then can stem from an anisotropy
of the exchange constants. On the other hand, one has:
kBTN =
2S(S + 1)
3
|−J1k + J2k| , (2)
where k labels the direction of the propagation vector of
the magnetic structure. In case J1k is negative and J2k
is positive with J2k > |J1k|, then the magnetic structure
is of AF type. If these conditions are also fulfilled for the
exchange integrals along directions [001] and [100], then
the paramagnetic Curie temperatures are positive, and
TN > θpi, as observed EuPtSi3.
We have also recorded the magnetization data at var-
ious temperatures for H ‖ [001]. As the tempera-
ture is increased, the spin-flop transition shifts slightly
to higher fields and then it decreases as the temperature
is increased. The spin-flip field monotonically decreases
as temperature is increased. From the dM/dH plots (not
shown here) we have constructed the magnetic phase di-
agram as shown in Fig. 4.
Figure 5 shows the temperature dependence of heat
capacity of EuPtSi3 measured between 2 and 40 K, to-
gether with the heat capacity of non-magnetic, reference
polycrystalline LaPtSi3. The heat capacity clearly shows
two peaks at 17 K and 16 K confirming the bulk mag-
netic ordering in this compound. Incidentally, isostruc-
tural CePtSi3 also exhibits two magnetic transitions at
4.8 K and 2.4 K respectively11. The magnetic part of
heat capacity Cmag was deduced by the usual method
of subtracting the heat capacity of LaPtSi3 from that
of EuPtSi3 after taking into account the renormaliza-
tion due to different atomic masses of La and Eu. The
Cmag/T versus temperature plot and the calculated en-
tropy is shown in Fig. 5(b). The entropy is about
0.8 R ln8 at TN1 but above TN1 it exceeds the theoretical
value ofR ln8 for S = 7/2. While short range order above
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FIG. 4: (Color online) Magnetic phase diagram of EuPtSi3
determined from the isothermal magnetization measured at
various temperature.
TN1, which is typically present in the paramagnetic state,
would explain the observed values of entropy up to TN1,
the increase of entropy beyond R ln8 at higher tempera-
tures suggests that LaPtSi3 may not be a good reference
for the lattice heat capacity of EuPtSi3. We believe such
an indication is reflected by the heat capacity plots of
the two compounds which show an increasing divergence
from each other at high temperatures. The different va-
lence states of Eu2+ and La3+ may result in different
inter-atomic potentials modifying the phonon spectra of
these two compounds. The heat capacity jump ∆Cmag at
TN is estimated to be 14.6 J/K mol. Based on the mean
field approximation, Blanco et al17 have calculated the
heat capacity jumps at the magnetic transition for two
types of magnetic structures, namely, the equal moment
(EM) where the magnetic moments are the same at all
sites and the amplitude modulated (AM), where the mag-
netic moment amplitude varies periodically from one site
to another. For the case of EM structure, the jump in
the heat capacity at the ordering temperature is given
by,
∆CEM = 5
J(J + 1)
(2J2 + 2J + 1)
R (3)
and for the amplitude modulated system,
∆CAM =
10
3
J(J + 1)
(2J2 + 2J + 1)
R (4)
where J is the total angular momentum. Since the ef-
fects of crystal electric field for L = 0, divalent state of
Eu are negligible, the total angular momentum J (=7/2)
can be used in the above equations. ∆CEM amounts
to 20.14 J/K·mol for the EM case, while for the AM
case, ∆CAM equals 13.4 J/K·mol. Thus, theoretically,
the jump in the heat capacity at the magnetic transi-
tion for AM case is reduced to 2/3 of the value for EM
case17. Our estimate of ∆Cmag (14.6 J/K·mol) at TN1
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FIG. 5: (Color online)(a) Temperature dependence of the
heat capacity of EuPtSi3. The two magnetic orderings are
indicated by the arrow. (b) C/T versus T of EuPtSi3, the
calculated entropy is shown as solid line.
thus strongly suggests that EuPtSi3 possesses an am-
plitude modulated structure. Furthermore, Blanco et
al found that for the amplitude modulated system a
hump in the heat capacity occurs below the ordering tem-
perature, to compensate the loss of entropy just below
TN, which incidentally is seen in EuPtSi3 as shown in
Fig. 5(b) in the C/T versus temperature plot.
151Eu Mo¨ssbauer spectroscopy is an excellent tool to
probe the valence and the magnetic state of Eu ions in Eu
compounds. While information about the valence state
of Eu ions is obtained via the isomer shift, the magni-
tude of the hyperfine magnetic field can be inferred from
the splitting of the spectrum due to hyperfine interac-
tion. 151Eu Mo¨ssbauer absorption spectra were recorded
in EuPtSi3 in the temperature range 4.2 to 19 K and
at 300 K. Spectra at selected temperatures are shown in
Fig. 6. All the spectra point to the presence of Eu2+ with
no traces of Eu3+ impurity content. The isomer shift of
all the spectra was found to be -10.0(4) mm/s arising
from the divalent state of Eu ions. A single line is ob-
served from room temperature down to 19 K. At 300 K
the line width is 2.65 mm/s which is a standard value
for a Eu2+ compound and it increases to 3.2 mm/s at
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FIG. 6: (Color online) 151Eu Mossbauer absorption spectra
at selected temperatures in EuPtSi3. The lines are fits to
a single magnetic hyperfine interaction at 4.2 and 16 K, to
an inconmmensurate magnetic modulation at 17 K and to a
sinlge Eu2+ line at 19 K.
19 K, due to the dynamic short range order close to the
first magnetic transition at TN = 17 K. At 4.2 K, a mag-
netic hyperfine field of 33.0(5) T can be derived from
the spectrum, which is a standard value for the Fermi
contact interaction in Eu2+ materials. On increasing the
temperature, the hyperfine field decreases steadily, reach-
ing 16.8(5) T at 16 K and the lines are narrow, indica-
tive of a commensurate magnetic order with a single mo-
ment value (EM structure). At 17 K, the spectral shape
changes suddenly, as can be seen in the Fig. 6: a broad
distribution of hyperfine fields is present at the nucleus
sites. The spectrum can be fitted to a Gaussian-shaped
distribution, but a physically more appealing interpre-
tation is the following: below 17 K, where the specific
heat data shows its first anomaly, an incommensurate
AM magnetic structure develops, which yields a distri-
bution of Eu2+ moments, and hence of hyperfine fields.
The second peak at 16 K in the specific heat would cor-
respond to a lock-in transition to a commensurate wave-
vector, which is not uncommon in intermetallic Eu or
Gd compounds17. The fit at 17 K shown in the figure
corresponds to an incommensurate modulation, but it
cannot be distinguished from that to a Gaussian shaped
distribution. However, it is difficult to understand why a
6broad Gaussian distribution of hyperfine magnetic fields
would appear at 17 K, if it were not because of a phase
transition yielding a specific moment distribution. In-
deed, it has been reported that such a “cascade” of tran-
sitions (paramagnetic - incommensurate AM - commen-
surate EM) occurs for instance in layered semi-metallic
EuAs3
18 below TN1 = 11.3 K and TN2 = 10.26 K, as well
as in EuPdSb16, below TN1 = 18 K and TN2 = 12 K. We
therefore believe the Mo¨ssbauer and the heat capacity
data corroborate each other quite well in demonstrating
the presence of a “cascade” of transitions in EuPtSi3.
IV. CONCLUSION
Single crystals of EuPtSi3 were grown by flux method
and the magnetic studies revealed antiferromagnetic
transitions at TN1 = 17 and TN2 = 16 K. From the low
temperature isothermal magnetization measurements, we
found a spin-flop-like transition atHc = 1 T forH ‖ [001]
and spin-flip transitions at 5.9 T (9.2 T) for H ‖ [001]
( [100]). This shows the presence of anisotropy, prob-
ably of both crystalline and exchange origin. A mag-
netic phase diagram has been constructed based on the
isothermal magnetization data. The heat capacity mea-
surement also confirm the occurrence of two magnetic
transitions. Further, the specific heat and Mo¨ssbauer
data suggest that EuPtSi3 undergoes a cascade of close
transitions (paramagnetic - incommensurate - commen-
surate) as temperature decreases.
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